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man [14] reported t hat the tumor-promoter phorbol myristate 
acetate caused an uncoupling of beta-adrenergic receptor from 
adenylate cyclase in mouse epidermis. In order to examine the 
above two possibilities in psoriatic skin, it will be necessary to 
first measure the numbers of beta-adrenergic receptor sites to 
see whether t he lack of response is due to a loss of receptors 
and then to do coupling experiments to see whether the receptor 
is properly combined with the nucleotide binding protein using 
the leaky cell preparation. 
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Two epidermal cell lines of common ongm, one tu-
morigenic and the other not, have been grown in media 
of different Ca2 + concentrations (low: 0.07 mM; normal: 
1.4 mM; high: 10 mM). At normal Ca2 + levels, both cell 
lines had similar growth rates. The growth rates were 
reduced at both higher and lower Ca2 + concentrations, 
with greater inhibition of the tumorigenic than the non-
tumorigenic cells. At a given level of Ca2 +, the 2 cell 
lines could not be distinguished in their polyacrylamide 
gel patterns by protein staining, by (' 25l]concanavalin A 
reactivity, and by lactoperoxidase iodination. Changes 
in surface membrane proteins with Ca2 + concentrations 
were observed by lactoperoxidase iodination, whereas 
the other techniques, which measure total cell proteins 
or glycoproteins, showed no substantial variation. 
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Calcium is an important regulator of many cellular functions, 
among which are permeability, ion transport, motility, and 
fluidity. It is not understood how Ca2+ mediates so m any 
cellular processes. The calcium-binding protein calmodulin 
serves as an intracellular receptor that regulates enzymes in 
cyclic nucleotide metabolism [1]. Calcium a lso regulates trans-
glutaminase, a key enzyme in epidermal different iation [2]. 
Ca2+ has been shown to alter cell morphology [3,4], growth [5-
9], adhesion [10,11], membrane proteins [10,12,13], and differ-
entiation [4,14]. The t ightly controlled, low intracellular leve l 
of this ion suggests t hat the cell membrane is sensitive to 
changes in extracellular Ca2+ concentrations [8,15]. 
For a number of different cell lines, fibroblastic [5-8] and 
epithelial [9,16], it was reported t hat t he growth of nonmalig-
nant cells was inhibited at lowered Ca2+ levels (0.01- 0.1 mM) , 
whereas the growth of malignant cells was not. This criterion 
was proposed as an indicator of tumorigenicity [16,17]. Re-
cently, however, Swierenga and Auersperg [18] found that some 
malignant epithelial lines were unable to grow in low Ca2+ (0.02 
mM) . On the other hand, Yuspa et a l(19] observed that normal 
primary epidermal cells (as well as transformed cell lines de-
rived from t hem) grow unhindered in low Ca2+ (0.07 mM). 
There have been a few studies of cell growth in media of high 
Ca2+ concentration. For Chinese hamster lung cells, Gupta et 
a l [3] found that varying Ca2+ concentrations between 0.2 and 
10 mM did not have any effect on t he growth of the cells, but 
reported 20- 40% inhibition at 20 mM. Dulbecco and Elkington 
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[6] observed no effect on the growth rate between 1.8 and 9 
mM Ca2+ for 3 fibroblast cell lines, 2 untransformed and 1 
viral!y transformed. 
Goldstein and Fisher [20] reported differences in membrane 
proteins between nonmalignant and malignant clones of liver 
epithelial cell lines, using lactoperoxidase iodination . Compar-
ing Chinese hamster lung cells at normal (0.2 mM) and high 
(to 10 mM) Ca2+ concentrations, Gupta et a! [10] found no 
difference in structural membrane proteins or glucosamine-
labeled glycoproteins but did note variations in proteins labeled 
by lactoperoxidase. In earlier studies with primary epidermal 
cell cultures, we have used adjustment of extracellular Ca2+ 
concentration to mediate the stage of differentiation . We de-
tected differentiation-associated variations by lactoperoxidase 
iodination [12,13] and by reaction with iodinated lectins [13). 
Thus the effect of Ca2+ concentration on the growth of cells 
has been found to vary for corresponding neoplastic and non-
neoplastic cell lines, though not in the same way for all cell 
types. Similarly, some variations in membrane proteins with 
Ca2+ concentration have also been reported [9,10). The purpose 
of this work has been to seek such effects for epidermal cells. 
Two cell lines were used that originated from the same mouse 
epidermal cells treated in vitro with dimethylbenzanthracene, 
one neoplastically transformed and t he other not. Experiments 
were carried out at Ca2+ levels of 0.07 mM, 1.4 mM, a nd 10 mM. 
MATERIALS AND METHODS 
Cell Culture 
Two cell lines of epidermal origin were used in this study. Lines D-
1 and D-lla are derived from Sencar mouse primary epidermal cultures 
exposed in vitro to 7,12-dimethylbenzanthracene; D-1 is nontumori· 
genic while D-lla forms colonies in soft agar and tumors in syngeneic 
mice; these lines were obtained from Nancy H. Colburn of the N.C.!. 
[21]. They were propagated in Eagle's minimal essential medjum 
(MEM) with Earle's salts supplemented with nonessential amino acids, 
penicillin (100 IU/ml) , streptomycin (100 g/ml) , and 10% fetal bovine 
serum. This medium ordinarily contains 1.4 mM Ca2+. A low Ca2+ 
version of th is rriedium was made with MEM especially prepared 
without Ca2+ and with fetal bovine serum previously dialyzed against 
FIG 1. Phase contrast photographs of epidermal cell lines: t he non-
tumorigenic D-1line (a,b,c) and the tumorigenic D-lla line (d,e,f). The 
pictures on the top (a,d) are for cells grown in 0.07 mM Ca2+, those in 
the middle (b, e) are grown in 1.4 mM Ca2+, t hose on the bottom (c,f) 
are grown in 10 mM Ca2+. These 3 concentrations are called "low," 
"medium," and "high," respectively, in the subsequent figure legends. 
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FIG 2. Growth curves for cells grown in low (L), medium (M), and 
high (H) Ca2+; (a) is for the nontumorigenic D-1 cells, (b) for the 
tumorigenic D-lla cells. 
saline; the preparation was measured to contain 0.07 mM Ca2+. Addition 
of CaCl2 to this low Ca2+ medium was used to prepare the standard 
Ca2+ medium (1.4 mM) and the high Ca2+ medium (10 mM). The cells 
were subcultured by exposure to trypsin (0.02%)-EDTA (0.02%) in 
Hanks' salts, pH 7.2, devoid of Ca2+ or M~+. Tissue cu lture media, 
trypsin (1:250), antibiotics, and salts were purchased from GIBCO 
(Grand Island, New York). Fetal bovine serum was from Flow Labo· 
ratories (Rockville, Maryland). 
Cell growth at different Ca2+ concentrations was measured by count· 
ing cells on marked grids of Lux 35-mm tissue culture plates (Miles 
Laboratories, Napervi lle, Illinois). Duplicate plates with grids were 
inoculated with 2 x 10' cells/plate. The cells attached well to the 
culture plates at 1.4 mM Ca2+, less satisfactorily at 0.07 and 10 mM. To 
achieve optimal attachment, the cells were first incubated overnight in 
1.4 mM Ca2+ and then changed to media at the different test Ca2+ 
concentrations (0.07, 1.4, 10.0 mM). Cells were counted on the same 16 
grids of duplicate plates for each concentration of Ca2+ The quoted 
relative growth rate is the ratio of the number of cells at any given 
t ime to those present immediately afte r cell attachment. 
Iodination 
The procedures for lactoperoxidase iodination, gel electrophoresis, 
and autoradiography have been described in our earlier work [12]. The 
iodination and gel overlay technique with concanavalin A (Con-A) has 
also been previously published by us [1 3]. Briefly, the cells are scraped 
from tissue culture plates into saline then solubilized by boiling in 
sodium dodecyl sulfate (SDS)-buffer. The resulting tota l cell extract is 
loaded onto the gels. For lactoperoxidase iodination , t he cells are 
labeled directly in culture prior to the above steps. In the lecti n overlay 
procedure, electrophoresis is performed without label and then the gel 
is overlaid with [125I]Con A. 
RESULTS 
Cell Morphology 
The morphology of the cells under phase contrast microscopy 
is presented in Fig 1. The cell lines do not have t he closely 
packed cuboidal arrangement characteristic of primary epider-
mal cells. In low (0.07 mM) Ca2+ medium (Fig 1a,d) t he cells 
exhibit a more flattened appearance with elongated intercellu-
lar processes, as compared to standard (1.4 mM) Ca2+ medium 
(Fig. 1b,e) . In high (10 mM) Ca2+ (Fig 1c,f) the D-1 cells are 
more granular and elongated while the D-lla cells are more 
compact and rounded. · 
Growth Rates 
Growth curves for the 2 lines at different Ca2 + concen trations 
are plotted in Fig 2. The growth rates in standard Ca2+ medium 
are very s imilar for both cell lines (p = 0.45 by Student's t-
test). Growth is comparably inhibited at both low and high 
Ca2+. This effect is more severe for the D-11a than for the D-1 
cell line. 
SDS-PAGE Gels 
Fig 3 is a photograph of a Coomassie blue-stained gel. Suc-
cessive lanes represent both cell lines at each of the 3 Ca2+ 
concentrations. No significant differences were found among 
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FIG 3. Photograph of SDS-PAGE gel stained with Coomassie blue; 
lanes a,b,c are for D-1 cells, lanes d,e..f are for D-lla cells. Cells grown 
in low Ca2+ are in lanes a and d, those in medium Ca2+ are in lanes b 
a nd e, those in high Ca2+ are in lanes c and f. The stained standards 
are at 200K, 125K, 92.5K, 68K, and 46K. 
a b c d e f 
FIG 4. Autoradiogram of gel {same as displayed in Fig 3) after 
overlay with [125l] Con-A. The radioactive standards are at 200K, 92.5K, 
68K, 46K, and 30K. 
t he stain ing patterns (either with cell line or with Ca2+ concen-
tration). 
Con-A-Reactive Glycoproteins 
The total proteins of the 2 cell lines at different Ca2+ concen-
trations were separated on SDS-PAGE, then overlaid with (1251) 
Con-A. Autoradiograms are shown in Fig 4. No substantial 
differences between cell lines or with Ca2+ concent rations can 
be discerned. In a control experiment, inclusion of a-methyl-
mannoside with [125I) Con-A completely eliminated any radio-
labeling of t he gels. 
CALCIUM-MEDIATED EPIDERMAL CELL CHANGES 247 
Lactoperoxidase-Labeled Surface Proteins 
The cells grown at different Ca2+ concentrations were labeled 
by the lactoperoxidase iodination technique, then the proteins 
were separated by SDS-PAGE. Fig 5 is an autoradiogram of 
the radioactive surface proteins. With cells grown in standard 
(1.4 mM) Ca2+ medium, the most intense radioactive bands are 
found near 210K, 175K, 120K and 92K, followed by 4 not fully 
resolved bands between 68K and 78K and a less intense com-
plex around 45K. The radioactivity profi le is similar in low 
(0.07 mM) Ca2+ medium except for suppression of the bands at 
175K and 92K. For cells grown at high (10 mM) Ca2+, on the 
other hand, the above pattern is overwhelmed by 3 new strongly 
labeled broad bands at approximately 65K, 56K, and 32K. In 
media of the same Ca2+ concentration, the iodinated proteins 
corresponding to t he 2 cell lines differ only by minor intensity 
variations. 
DISCUSSION 
Morphologically, t he 2 cell lines resemble each other strongly 
in low or standard concentrations of Ca2+, less so in high Ca2+. 
At any one Ca2+ concentration, no substantial differences be-
tween them were evident in their total protein gel patterns, in 
their [125I)Con-A-reactive glycoproteins, or in their lactoper-
oxidase-iodination gel profiles. The extent of the similarity is 
remarkable in view of the fact that one cell line is malignant 
and the other is not. In contrast, for rat liver epithelial cells, 
differences in the lactoperoxidase-iodination profiles were 
noted between normal cells and their tumorigen ic clones [20]. 
The growth rates of the 2 cell lines in standard (1.4 mM) 
Ca2 + medium are very similar, counter to the usual anticipation 
that transformed cells grow faster t han nontransformed ones. 
Their growth rates are inhibited at both low and high Ca2+ 
levels as against t he standard medium. The reduction at high 
(10 mM) Ca2+ indicates t hat Ca2+ is not just an essential 
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FIG 5. Autoradiogram of D-1 (a,b,c) and D-lla (d,e,f) cells labeled 
by lactoperoxidase iodination. Cells grown at low Ca2+ are displayed in 
lanes a and d, those at medium Ca2+ levels in lanes b and e, those at 
high Ca2+ levels in lanes c and f. The radioactive standards are the 
same as in Fig 4. 
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nutrient but has a regulatory function. The decrease in growth 
with deviation from standard Ca2+ concentration is greater for 
the tumorigenic D-lla line t han for the D-1 line. This is 
opposite to t he pattern for many other cell types, for which the 
transformed cells show less sensit ivity to Ca2+ [7-9,16,17). 
While the Ca2+ concentrat ion in the medium had a moderate 
effect on the morphology of t he cells, the total cell protein 
distributions could not be distinguished in the Coomassie blue 
staining patterns. The [125l)Con-A overlays, which measure 
glucose and mannose-containing glycoproteins, also appeared 
to be unchanged. On the other hand, differences were evident 
in lactoperoxidase iodinat ion, which labels exposed tyrosine 
residues of membrane proteins. These observations are consis-
tent with those of Gupta eta! [10) who studied Chinese hamster 
lung cells at standard and high Ca2+ concentrations. They found 
no change in the distribution of structural proteins or of fucose-
and glucosamine-labeled glycoproteins but reported major dif-
ferences in lactoperoxidase-labeled cell surface proteins. Their 
, lactoperoxidase labeling patterns and ours do not show much 
obvious correlation, which is not surprising in view of the 
disparity in cell types. The variation in the profile that we 
observed between low (0.07 mM) and standard (1.4 mM) Ca2+ 
is minor compared with the change from standard to high (10 
mM) Ca2+. At high Ca2+, the strongest radioactivity is found in 
3 polypeptides (65K, 56K, 32K) which were barely discernible 
at lower Ca2+ concentrations. This dramatic variation may 
resul t from a change in the synthesis of structural or enzymatic 
membrane proteins in response to the excess Ca2+ , or it may 
reflect a conformat ional change of these membrane proteins 
t hat newly exposes different tyrosine residues. 
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